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@ Apparatus for spray lining pipes. 

(57) A rotary spraying device, particularly for applying a resin 
coating (7) to the insiae of an otherwise inaccessible pipe (2). 
The device comprises a rotary spinner (5) comprising a 
tubular member (51) to the inside of which the coating 
material is fed. The material spreads longitudinally and 
circumferentially over the inner surface of the tubular 
member and is thrown radially outwardly through apertures 
(59) in the tubular member onto the surface to be coated. The 
distribution of the apertures {59} helps to ensure an even 
coating. 
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"APPARATUS FOP. SPRAY LIKING PIPES 



The present invention relates to the application 
cf internal spray linings cr coatings to pipes, for 
example to restore or renovate glazed or unclazed 
clay or concrete sewer pipes which have deteriorated 
with prolonged use. >5ore particularly the invention 
is concerned with spray lining or coating pipes which 
are too sir.all for human access, for example pipes 
having an internal diameter of the order of 225 to 
600 mm, by means of remotely controlled spray apparatus 
which travels through the pipes. 

It has been proposed to line such pipes with 
a two part, epcxy resin-based composition. The twe 
parts of the composition are fed, from a location 
outside the pipe to be lined, via separate hoses, 
to a sprayer mounted on a sledge cr carriage where 
the two parts are mixed to initiate the curing process. 
Tne mix is then sprayed as the sledge is drawn through 
the p i pe . 

GB-A-2 082 285 and GB-A-2 120 351 disclose spraying 
apparatus mounted on a sledge or carriage which is 
connected to a supply of coating material and pulled 
through the pipe to be lined. According to GB-A- 
2 120 351 an uncured epoxy resin is heated before 
being pumped to the spraying apparatus, to render 
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it sufficiently fluid to be sprayed. 

It i s one object of the present invention 
to provide an improved spray apparatus which is 
particularly but not exclusively intended to apply 
a two part, polyurethane resin-based spray lining 
or coating of the type disclosed in our copending 
application No: filed on even date. 

This resin becomes thixotropic virtually immed- 
iately the two parts are intermixed, so that the 
spray apparatus must not only be capable of spraying 
a relatively viscous resin, but must also be 
capable of applying the resin relatively evenly 
over the internal surface of the pipe. 

According to the present invention, there is 
provided a rctary spraying device for applying a coating 
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material :o the inside of a pipe or the like, of a type 
wherein the ^.a:o:ia] fed to a rotai:r,c spinner by 

wh:ch )i :s thi cv.t: racially outwardly or.tc the surface 
tc be coaitd, wherein the suir.r.er corprises a tubular 
member arranged tc rotate around its central axis 
and with apertures spaced axialiy along its _ength, 
vherehy material fed to the radially inner side of the 
tubular r.. ember passes through said apertures and leaves 
the spinner at a plurality of axially spaced positions. 

In order that the invention it. ay be more readily 
understood, reference will r-ov: be made to the accompanying 
drawings, in which: - 

Figure l(a and b) is a diagrammatic view of a 
SDray lining system embodying the invention; and 

Ficure 2 is an axial section showing one quad- 
rant of a rotary spray head or spinner embodying the 
invention . 

Referring to Figure 1, the spray lining system 
comprises sledges 3 and 4 which, in operation, are 
drawn on their runners through a non-man-entry sewer 
pipe 2 tc be lined. The sledge 4 carries a final 
mixer arrangement , connected to a sprayer arrangement 
terminating, at the rear of the sledge, in a rotary 
spray head or spinner 5. The sledge 3 carries a closed- 
circuit television camera 6 to enable remote visual 
observation of the sprayed lining 7. 

The sledge 4 is connected to sledge 3 by an 
umbilical 17, which includes a pipe for two components 
of the coating material to be mixed finally in sledge 4 
before being sprayed. The umbilical may also include a 
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Eirei n cable so that tn.no., is no-, applied to the- pipc- 
jtself. The umbilical also carries a compressed air 
supply to drive the spanner 5 by reans of an air turbine. 
It is connected to the sledge 3 by a universal joint 
1& so that twisting movements of sledge 3 as it is 
pulled along the pipe are not passed on to sledge 4. 
so that sledge 4 runs smoothly. 

The rotary spray head or spinner 5, which will 
be described later with reference to Figure 2, is 
driven by, e.g. mounted on, the output shaft of an 
air motor carried by the sledge 4. The motor may, for 
example, be a 1.5 kV? motor which rotates the spinner 5 
at a free speed of the order of 1400 rpm, about an axis 
which, in operation, is intended to be generally co- 
incident with the sewer pipe axis. 

The mixer arrangement for the coating material 
includes a preliminary static mixer or mixer manifold 
in sledge 3 to which the two parts of the polyurethane 
resin composition are individually supplied via respec- 
tive remotely operable on/off valves. The valves may 
be pneumatically operated, electrc-.agnetically con- 
trolled valves, mounted on the sledge or manifold. 
The manifold basically comprises a cylindrical chamber 
into which the two resin parts are injected via gener- 
25 ally tangential ports. The parts circulate in the cham- 
ber, and the resultant partially mixed resin is 
expelled from the chamber via a generally axial port. 
The partially mixed resin is fed from the mixer mani- 
fold along a pipe in umbilical 17 to a main mixer, for 
example a Ross-type static mixer, in sledge 4 where 
the mixture is again circulated in a cylindrical chamber. 
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The chamber contains prcf :lec elements or vanes which 
are disposed by the circulation within the chamber, 
and serve to enhance nixing. The fully mixed resin :s 
expelled f : oil the mam r.ixer and supplied to the spinner 5. 

The sledges 3 and 4 are pulled along within 
the sewer pipe 2 by a single umbilical or composite line 
8 , typically about 100 metres lone. The composite 
line £ includes a pair of flexible, wire-braided hoses 
for separately supplying the two parts of the polyure- 
thane resin comocsiticn to the mixer manifold via the 
respective remotely operable on/off valves. The line B 
alsc includes an air hose for supplying compressed air 
to the spinner air motor and on/off valves, and elec- 
trical cables respectively associated with the tele- 
vision camera 6 and the on/off valves. As in umbilical 
17, a strain rope or cable, for example a Kevlar cable, 
may also be included m the composite line E, to relieve 
the hoses of the tensional forces involved in pulling 
the sledge and thus reduce pulsing in the supply of 
resin components. The line & may also include a 
further hose for supplying additional catalyst to the 
mixer manifold, via a third remotely operable on/off 
valve, if it is desired to accelerate the curing of -he 
resin, for example when spraying is to take place 
under relatively wet conditions. The bundle of hoses 
and cables is contained in. a plastics sheath, for 
example sheathed in polyurethane to form a single 
composite line. The line & may, for example, have an 
external diameter of 79 to 90 mm, and a minimum bend 
radius of 650 to 700 mm. 
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The composite line 8, remote from the sledge 
1, passer out through a manhole 9 communicating with the 
sewer pipe 2, and is wound around the reel 10 of a 
trailer -mounted, motor driven winch. The reel, which 
r.ay for example be 2.2 jr.. :r. diameter, and is pro- 
vided with appropriate paying in/out gear or rollers, 
is driven via chain 11 by a motor 12 such as a lh kW r 
24 0 vAC, 8H rpm synchronous motor, which enables the 
lane 8 to be wound onto the reel at a line speed 
variable from 0.25 to 2.0 m/m.inute. Due to the diameter 
of the reel, the line 6 is wound onto the reel in a 
single layer. The winch motor 12 is associated with a 
speed control system or circuit which enables the reel 
IO be rotated, and therefore enables the sledge to be 
15 drawn, at a substantially constant adjusted speed 

(t 31), irrespective of changes in tension in the line 8 
A clutch may be provided between the winch motor and 
reel to enable the motor to be disengaged when it is 
required to rapidly pay out the line 8. The winch 
20 may also be capable of operating at a relatively high 
speed, for example to enable withdrawal of the sledge 
at approximately 10 m/rrinute. The winch may provide 
a maximum pull of approximately 500 kg, and may include 
an overload cut-out to prevent overstraining the line 8. 
25 Speed and distance measuring devices may also be 
associated with the winch. 

The necessary external electrical connections 
may be made to the cables on the reel 10 via associated 
slip rings carried by the reel. The necessary connec- 
tions to the resin, catalyst and air hoses may be mad e 
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via ru:'r,::e rotary fluid ur.inr;? carried by ihe reel, 
f c>r,":.:r- ^ ^c:a:oc with : ] u : c p=:5cc^ : r. a shar- 
er axle ^,]ch rc-tcie? with the : eel . The- :eel and paying 
* r ' c- 'J *. a -j } d 1' m e c^ar.: sr arc p.» c fcraojy c a p die c f p u _ . : r c 
5 lire & i r. either a horizontal c: a vertical direction. 

Trie two parte of the po J y u r et h an e resin compo- 
sition are supplied from separate rean drums or reservoirs 
11, by associated air mot or -driven transfer pmps 14, 
to the aravity hoppers of an air motor-driven metering 
10 rum: 15. These parts (a water emulsion part and a ci- 
isccyanate water - sens i t i ve part as disclosed in our 
c ;::e-enuoned copending application) nay have viscos- 
ities of the order of 1000 and 5000 centipcise respec- 
tj-.-ely. The metering pump 15 may operate at a r.axinun 
15 pumtmg speed of approximately 15 eye 1 es/mi nute , the 

C-tuut of the two parts of the composition from the pump 
being approximately 600 cc/cycle. The metered amounts 
of the two parts are supplied separately by the pump 15, 
via hoses 16 and the rotary unions, to the respective 
20 heses of the composite line &, for example at a maximum 
or working pressure of approximately 1000 to 1500 psi, 
anc a flow rate of approximately 5 litres/minute. 

Due to the hydro-e] ast ic effects of the resin 
hoses of the line 8, i.e. differential expansion along 
25 their length under pressure, the flow rates and/or 

pressures at their downstream ends tend to vary. Ey 
feeding the two parts into the mixer manifold before 
the main mixer, variations in the mixture ratio 
which might otherwise occur due to the latter fluctuations 
30 are effect! v el y eliminated. 
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As previously mentioned, the polyuretbane resin 
co-position v;hich as erployed becoros thixotropic relat- 
ively quickly after the- two parrs are mixed, and as 
relatively viscous. Ir.is gives rise to problems, since 
5 it is difficult to apply the spray coating evenly vithir. 
a p3pe, the applied coating tending to fori:, ridges be- 
cause its surface tension is insufficient to cause the 
coating to flow out evenly over the pipe surface. This 
problem has been effectively solved by employing a rotary 
10 spray head or spinner 5 of the type shewn in Figure 2. 

Figure 2 shov:s one quadrant only of the spinner 
5, the other quadrants being identical. The spinner 
ir.cludes a frusto conical tubular nember 51, open at 
its larger (e.g. 100 r.m) diameter end, and provided with 
15 a flange 52 a: its smaller (e.g. 72 mm) diameter end, by 
v.-hich it is secured to an intermediate disc member 53 
and a back plate 54, for example by bolts. The disc 
member 53 has a hollov; axial hub 55 by which the spinner 
is mounted on the output shaft of its drive motor, for 
20 rotation thereby, for example az approximately 1400 rpm. 
The hub 55 is surrounded by an annular chamber 56, 
into which the mixed resin composition from the mam 
rixer is introduced, due to the pressure of the 
metering pump 15, via the annular opening 57. The disc 
25 member 53 is provided with a plurality of circumf erent- 
ially distributed, generally radially apertures 58 
(e.g. A mm diameter, 15° angular spacing) through 
which the mixed resin is forced centr i f ugal 1 y when 
the spinner is rotated. The tubular member 51, which 
30 may be approximately 100 mm long, is provided with rows 
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; cicely £L^:ec c:.c-r:':rcF 5-, : c r e I e one r ow 
c; ] mm djaneter apertures an each quadrant. T.ne rows 
extend ihrcuchout a n.ejor proportion of Uio length of 
the tubular member 51, and are inclined cr skewed 
relative to the direct 3 on of the uxis o: rotation, c: 
the spinner to ;oiT: a helical pattern. 

With this arrangement, when the spinner is 
rotated, mixed resin is thrown through the apertures 55 
ccainst the inside surface of the tubular member 51, 
and spreads, substantially evenly over the inside surface, 
both circumferential!}', and longitudinally cue to the 
taoer of the member 51. The mixed resin is then forced 
cent r ; f ugal ly through the rows of apertures 59 and 
scrayed cr thrown (e.g. at a dissipation rate of 
approximately 10 litres/minute) against the inside of the 
sewer pipe 2 to build up the coating or lining 7 shown 
in Ficjre 1. The inclination or skew of the rows cf 
apertures 59 coupled with the longitudinal extent cf 
the rews, and decree of taper of the member 5a, enable 
a substantially even spray coating to be built up in the 
t:pe. The spray pattern from the spinner has a good band 
width, i.e. spread or width in a direction parallel to 
the axis of the sewer pipe 2, and therefore a good over- 
lap in the latter direction as the sledges are advanced. 
The spinner configuration further tends to even out 
the effects on the spray coating 7 of any variations 
m speed of the sledges. 

The thickness of the spray coating 7, which 
may form a structural, self-supporting lining once it 
has cured, may be from 5 to 15 mm, the thickness being 
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adjusted as roquire-c, for example by adjusting the speed 
of bdvai.cc of the rlecgos 2, 4 and/or the dissipation 
rate of the spinner 5. 

Since the sledges 2, 4 are usually drawn in one 
direction through the sewer pipe, and are not reversible, 
the spinner 5 and its associated air motor are pre- 
ferably mounted for longitudinal reciprocation on the 
sledge 4, for example reciprocable over a distance of 
5 to 10 inches. This n.ay be achieved by mounting the 
spinner on a carriage coupled to one or more longitudinal 
feed screv:s rotatable by a remotely controlled air motor, 
and cantilevered from the sledge. This reciprocable 
mounting enables the spir.ner to bo displaced backwards 
and forwards relative to the sledge, for example when the 
ciedge is stationary, to permit local repairs to a sewer 
pipe to be effected, or to re-coat or thicken an adja- 
cent previously sprayed portion of the coating. 

The closed-circuit television system is 
employed to monitor visually the interior of the sewer 
pipe, the spray process, and the spray coating or 
lining formed. The sledge-mounted television camera, 
together with the use of the sledge mounted, remotely 
operable on/off resin valves, ensures adequate control 
of the spraying procedure in non-man access pipes. 

It will be understood that various modifi- 
cations may be made without departing from the scope of 
the present invention. 

For example, the apparatus herein described 
may be used to spray materials other than those dis- 
closed in our aforementioned copending application. 
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back loop, r.ay be associated with the mecennc pump 1 
and winch roei ] C , to ac; jet the pumping rate- :f the 
reel steed varies, or vice versa, to a 
maintain a £ ubs t an t a a ] I y constant th:c 
7 he dimensions ar.c conijgurat: 



utcmat icaiiy 
;ness of coat:: 
Dn of the vara 



c . 



components, for example tne spinner, may oe vanec, : 
may be the pressures, flc.-/ rates, speeds etc. The 
number and sice of the apertures 5B and/cr bS "ay be 
changec, as may Le the number and inclination of the 
rows of auertures 59. 



0145266 



-12- 



CLA1MS 



20 



25 



1 A rotary spraying device for applying a coating 

material (7) to the inside of a pipe (2) or the like, 
of a type wherein the material is fed to a rotating 
spinner (5) by which it is thrown radially outwardly 

5 onto the surface to be coated, wherein the spinner 
comprises a tubular member (51) arranged to rotate 
around its central axis and with apertures (59) spaced 
axially along its length, whereby material fed to 
the radially inner side of the tubular member passes 

10 through said apertures and leaves the spinner at 
a plurality of axially spaced positions. 
2. A rotary spraying device according to claim 
1 wherein the tubular member (51) is in the form 
of a f rusto-conical shell. 

15 3. A rotary spraying device according to claim 

1 or claim 2 wherein the apertures (59) in the tubular 
member (51) are arranged in rows extending throughout 
a major proportion of the length of the tubular member. 

4. A rotary spraying device according to claim 
3 wherein each said row also extends helically around 
at least a part of the circumference of the tubular 
member ( 51 ) - 

5. ■ a rotary spraying device according to any preced- 
ing claim wherein the tubular member (51) is attached 
at one end to a rotary hub (55) and is open at its 
other end. 

6. A rotary spraying device according to claim 
5 wherein a duct (56) for feeding the coating material 
communicates with the inside of the tubular member 
(51) through a plurality of radial apertures (58) 
in the hub ( 55 ) . 
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7. A rotary spraying device acccrcmc ic any prececir: 
claim wherein the spinner (5) and a motor driving 

it are rourted or. a sledge (4) adapted to be pulled 
through a r. :pc ( 1 ) . 

8. A rotarv spravmg device according tc claim 

7 where::. ihc sledge [A] includes a final mixer fcr 
two component £ c: the coating material. 

9. A r o t a r v spraying device according to claim 
7 or clairr: £ wherein the spinner (5) can be moved 
reciprocally along its axis of rotation relative 
to the si edge ( 4 ) . 

10. A rotary spraying device according to any one 
of claims 7 to 9 v:herein the sledge (4) carrying 
the spinner (5) is connected to a second sledge {3) 
by a linkage which includes a universal joint (18) 

and one or more feed pipes (17) for the coating material 
or components thereof . 

11. A rotary spraying device according to claim 
10 wherein the second sledge (3) is connected, at 
its end remote from the first sledge (4), to an 
umbilical (8) which incorporates one or more feed 
pipes fcr the coating material and a strain cable. 

12. A rotary spraying device according to claim 

10 or claim 11 wherein the second sledge (3) carries 
a preliminary mixer for two or mere components of 
the coating material. 

13. A rotary spraying device according to any one 
of claims 10 to 12 wherein the second sledge (3) 
carries a television camera (6) for monitoring of 
the ccatinq coeration. 
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